Abstract Disparities in the receipt of adjuvant chemotherapy for early stage breast cancer is an important factor influencing mortality. We investigated whether greater body mass index (BMI) decreases receipt of adjuvant chemotherapy among women with operable breast cancer. In the NCCN breast cancer outcomes database, we identified women aged B70 with newly diagnosed stage I, II, or III breast cancer between 1997 and 2007, for whom use of adjuvant chemotherapy was classified as either standard-ofcare or discretionary based on their clinical characteristics. . Multivariable logistic regression analysis was used to examine the association between BMI and receipt of chemotherapy in each classification group. 9,527 women were eligible for the study; 40% normal weight or less; 31% overweight; 24% obese; and 5% extremely obese. In multivariable analysis, there was no significant association between BMI and receipt of chemotherapy in either classification group. Among women for whom chemotherapy would be considered standard-of-care, older age (P \ 0.001), comorbidity (P \ 0.001), and non-Hispanic black ethnicity (P = 0.002) were associated with a lower likelihood of receipt of chemotherapy; however, the effect of ethnicity was not modified by obesity. Among women treated for operable breast cancer in the NCCN centers, BMI had no impact on receipt of adjuvant chemotherapy and did not modify the lower likelihood of chemotherapy among non-Hispanic black patients. Further investigation is needed into other factors that contribute to patient disparities in the receipt of chemotherapy in major academic centers.
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Introduction
The Early Breast Cancer Trialists's Collaborative Group (EBCTCG) overview of randomized trials in early stage breast cancer demonstrated that adjuvant polychemotherapy reduces risk of recurrence and improves survival [1] . Recent studies exploring patient-related factors that contribute to disparities in breast cancer survival have found that older age, black race, and low socioeconomic status are associated with lower rates of receipt of adjuvant chemotherapy [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . While insurance status, decreased access to subspecialty care, and geographical location have been shown to mediate some of the ethnic differences in receipt of appropriate breast cancer care, [9, 13, 14] the identification of additional patient-related factors that predict for the receipt of adjuvant chemotherapy could provide opportunities for interventions aimed toward improving breast cancer outcomes.
The rate of obesity has increased exponentially over the past decade with 64% of women in the United States estimated to be overweight or obese [15] . Several studies have documented a tendency for treating physicians to intentionally prescribe lower doses of adjuvant chemotherapy for obese patients, presumably because of concerns about drug metabolism or patient tolerance of side effects [16] [17] [18] [19] . Less is known about whether obesity affects the decision to use adjuvant chemotherapy. One small study of women treated for breast cancer in a network of HMOs found no association between obesity and receipt of chemotherapy, but larger confirmatory studies in other populations have not been performed [20] . Since higher rates of obesity are observed among lower socioeconomic and racial and ethnic minorities compared with more affluent and white populations [15, [21] [22] [23] , it is possible that increased body weight may influence some of the ethnic differences in the receipt of adjuvant therapy.
Using the National Comprehensive Cancer Network (NCCN) Breast Cancer Outcomes database, which provides extensive clinical detail, we investigated the impact of BMI on receipt of chemotherapy in an ethnically diverse multi-institutional cohort of patients with stages I-III breast cancer. Furthermore, we examined whether BMI modifies ethnicity related disparities in receipt of adjuvant chemotherapy. To perform the analysis, we examined receipt of chemotherapy among patients for whom treatment would be considered standard-of-care as well those for whom treatment would be considered discretionary, hypothesizing that obesity would have a greater impact on influencing discretionary use of chemotherapy.
Methods

Patient selection
The study cohort consisted of women with newly diag- The institutional review boards at each center approved the protocol, data collection processes, data transmission methods, and data repository protocols. For centers requiring project-specific informed consent, only patients who provided informed consent were included in this analysis.
In order to identify a study cohort for whom adjuvant chemotherapy would constitute appropriate care, we classified all patients based on whether the relevant NCCN guideline: (1) recommended adjuvant chemotherapy (''chemotherapy as standard-of-care group''); (2) recommended consideration of adjuvant chemotherapy (''chemotherapy-discretionary group''); or (3) recommended against adjuvant chemotherapy. The classification was performed using the guideline in effect at the time of each patient's diagnosis. Patients in the first two groups were eligible for this analysis (n = 10,971). We excluded women who were older than 70 years (n = 1,047) because NCCN guidelines note that there are insufficient data to define chemotherapy recommendations for this cohort of women. Patients with missing height and weight at diagnosis were also excluded (n = 397). The final study population consisted of 9,527 breast cancer patients.
Data elements
The NCCN Breast Cancer Outcomes Database contains detailed information on patient (race/ethnicity, age at diagnosis, co-morbidity score, income, treatment center), clinical (height and weight at diagnosis, chemotherapy and endocrine treatment, surgery type) and tumor (clinical and pathologic stage, estrogen receptor (ER) and progesterone receptor (PR) status, histology, nuclear/histologic grade, Her2/neu status) characteristics at diagnosis, abstracted from medical records by trained, dedicated abstractors. The data collection methods and the data quality assurance processes have previously been described [24] . In this database, comorbidity score at presentation to the NCCN center is assigned using either the Charlson index (determined by chart review) [25] or the modified version of this index developed by Katz et al. (based on a patient survey) [26] . Self-designated race and ethnicity are recorded on patient surveys as non-Hispanic whites, non-Hispanic Black, Hispanic, and other. For this analysis, the zip code of the patient's residence was linked to the 2000 Census data to estimate the median household income (U.S Census 2000, Summary File 3).
Statistical methods
Pearson's v 2 test and student's t test were used to test for distribution differences between patient and tumor characteristics for categorical and continuous variables, respectively. Body mass index was calculated as weight (kg)/(height (m 2 )) and groups were separated into categories of underweight (BMI \ 18.5), normal (BMI C 18.5 and \25), overweight (BMI C 25 and \30), obese (BMI C 30 and \40), and extremely obesity (BMI C 40) as described by the National Institutes of Health/National Heart, Lung and Blood Institute [27] . Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression analysis in order to evaluate the association between BMI status at diagnosis and receipt of chemotherapy separately for the chemotherapy-standardof-care and chemotherapy-discretionary groups.
Initially, univariable models were fit to evaluate the predictive main effect of each variable and a P value threshold of B0.1 was used to select variables for inclusion in the multivariable models. A step-wise selection procedure was used to determine the most parsimonious multivariable model with a P value B 0.05 for the likelihood ratio test. Variables included in the evaluation of the association between BMI and receipt of chemotherapy included age at diagnosis (\50 years, 50-59 years, 60-70 years), race/ethnicity, income status, comorbidity score (0 vs. C1), hormone receptor status (positive [ER and/or PR-positive], negative [ER and PR-negative]), Her2neu status (negative, positive, unknown), nuclear/histologic grade (low, intermediate and high grade tumors), histology and stage at diagnosis. In our analyses involving race/ethnicity, we used the non-Hispanic black group as the reference group (and not the larger non-Hispanic white group) in order to better demonstrate differences between non-Hispanic white and non-Hispanic black, as well as Hispanic and non-Hispanic black race/ethnicity groups. Interactions between the clinical covariates and BMI, age, ethnicity, and comorbidity score were investigated in the regression models using the P value of the Wald statistic for each interaction and any significant interactions were included in the final model. All reported P values are two-sided, and P values B 0.05 were considered statistically significant. Model goodness-of-fit was assessed using the Hosmer-Lemeshow goodness-of-fit test and the assumption of fit was not violated for the final multivariable models and only those final variables (including interactions) that resulted in a good-fit model were retained. Analyses were performed using SAS for Windows (release 9.1; SAS Institute Inc., Cary, NC, USA).
Results
Patient, clinical, and tumor characteristics Table 1 lists the overall patient and tumor characteristics of the patients included in the primary analysis. Ninety-two percent of patients in the study cohort were classified as ''chemotherapy-standard-of-care'', and eight percent as ''chemotherapy-discretionary''. In these groups, 14 and 49% of patients did not receive chemotherapy, respectively. Women younger than age 50 accounted for 49% of the study cohort in the chemotherapy-standard-of-care group and 38% in the chemotherapy-discretionary group. The majority of patients in the overall study cohort were nonHispanic white (81%); non-Hispanic Black and Hispanic women accounted for 8 and 7% of the study cohort, respectively. The proportion of women who were overweight, obese, or extremely obese was similar in the chemotherapy-standardof-care and chemotherapy-discretionary groups (61 and 56%, respectively). As expected, there was a higher proportion of patients with stage I disease in the chemotherapy-discretionary group (82%) compared to the chemotherapy-standardof-care group (25%).
Univariable analyses of receipt of chemotherapy
In univariable analysis, BMI was significantly associated with receipt of chemotherapy among obese (OR 0.83, 95% CI 0.70-0.97) and extremely obese patients (OR 0.72; 95% CI 0.54-0.95) compared to normal weight patients in the chemotherapy-standard-of-care group. In the chemotherapy-discretionary group, overweight (HR 0.76, 95% CI 0.59-0.99) and obese patients (HR 0.73, 95% CI 0.55-0.98) were less likely to receive chemotherapy compared to normal weight patients, but there was no significant association for patients with extreme obesity (Table 2 ). Other patientrelated factors associated with decreased receipt of chemotherapy in both the chemotherapy-standard-of-care and chemotherapy-discretionary groups included older age (P \ 0.001) and the presence of comorbidity (P \ 0.001). In the chemotherapy-standard-of-care group, Hispanic patients were statistically significantly more likely to receive chemotherapy compared to non-Hispanic Black patients (HR 1.50, 95% CI 1.05-2.14). Tumor characteristics including stage, hormone receptor status, Her2neu status, and nuclear grade were statistically significantly associated with receipt of chemotherapy ( Table 2 ).
Multivariable analysis of patient-related factors and receipt of chemotherapy
In multivariable analysis, BMI was not associated with receipt of chemotherapy in either the chemotherapy-standard-of-care (P = 0.52) ( Table 3) or chemotherapy-discretionary group (P = 0.58) ( Table 4 ). Increasing age remained statistically significantly associated with receipt of chemotherapy for both groups, with women aged 60-70 being 90% less likely to receive chemotherapy. In the chemotherapy-standard-of-care group, both non-Hispanic white and Hispanic patients were approximately twofold more likely to receive chemotherapy compared to nonHispanic Black patients (OR 1.70, 95% CI 1.26-2.30 and OR 2.08, 95% CI 1.34-3.21, respectively) and the presence of comorbidity was statistically significantly associated with a 32% lower likelihood of receiving chemotherapy. There was no significant interaction between BMI and either comorbidity or race and receipt of chemotherapy.
Discussion
In a large, multi-institutional cohort of patients with operable breast cancer, we found that obesity had no effect on the receipt of adjuvant chemotherapy. Contrary to our expectations, this was true even among patients for whom the use of chemotherapy would be considered discretionary. There was also no evidence that obesity played a role in modifying the relationship between ethnicity or the presence of comorbidity and receipt of adjuvant chemotherapy.
To our knowledge, there has been one prior study investigating the relationship between BMI at breast cancer diagnosis and receipt of adjuvant systemic therapy [20] . Buist et al. evaluated a cohort of 897 women aged C65 years diagnosed with early stage breast cancer within six health care organizations and found no association between BMI status and receipt of adjuvant systemic therapy. However, only 60% of women received any adjuvant systemic therapy and even fewer (18%) received chemotherapy. Our study confirms this observation in a much larger population, age B 70, and limited to patients who met NCCN clinical guidelines for receipt of adjuvant chemotherapy. Furthermore, because of the very rich clinical data available in the NCCN database, we were able to distinguish between patients for whom the benefits of chemotherapy were more and less well-established. The fact that we found no effect of obesity on adjuvant therapy decisions in either group is reassuring as it suggests that patients who have the most to gain from adjuvant therapy are no less likely to receive as a result of their obesity. It also suggests that physicians are not influenced by patient weight even when treatment choice is based on clinical judgment. We found that non-Hispanic Black patients were less likely to receive chemotherapy in the standard-of-care group compared to both non-Hispanic White and Hispanic patients, controlling for other patient and tumor characteristics. Our finding is consistent with population-based studies [3, 7, 11] and suggests that access to care does not fully account for racial disparities in treatment choice [28] . We did not find evidence for an interaction between obesity and the presence of co-morbidity that might partially explain the decreased receipt of chemotherapy among nonHispanic black patients. Further investigation into the factors that affect the delivery of appropriate cancer care among non-Hispanic Black patients in academic centers is needed to improve the ethnic disparities that exist in breast cancer treatment and survival [29] .
There are several limitations to our analyses. First, the study population was drawn from comprehensive cancer centers, and the results may not be generalizable to the general oncology community. Indeed, the prevalence of BMI C 30 kg/m 2 in the study cohort (29%) was lower than the 35% rate of obesity in the United States [15] , suggesting that the referral bias of the NCCN centers may have resulted in a healthier and possibly more compliant cohort of patients than the general population. It is possible that these centers have greater availability of supportive medical services for the management of co-existing co-morbidities and complications from treatment, better enabling them to safely provide chemotherapy to obese patients. We were also unable to evaluate whether receipt of chemotherapy among obese patients was accompanied by dose reductions or the early termination of treatment, since those data are not included in the NCCN database. Retrospective studies of randomized trials have shown that dose-reducing chemotherapy results in decreased breast cancer failure-free survival [16] [17] [18] [19] and although early termination of chemotherapy is more common among Black compared to White women, an association with obesity has not been investigated [3] .
Analysis of data from clinical trials has suggested that obese women with breast cancer are no more likely to suffer adverse events during standard dose adjuvant chemotherapy [19] and a recent review of the literature concluded that there is very little data to support the practice of deferring chemotherapy or limiting the dose of chemotherapy for patients with even extreme obesity [30] . Greenman et al. recommended that given the increase in prevalence of obesity and extreme obesity, guidelinedevelopment groups should provide information on standard-of-care practices for dosing obese breast cancer patients who are receiving adjuvant chemotherapy [31] . This study provides preliminary evidence that in a select clinical setting, physician recommendations regarding use of adjuvant chemotherapy for breast cancer are not influenced by patient weight. These study results also suggest that the demonstrated association between obesity and poorer breast cancer outcomes [32, 33] may not be related 
